Background: Exposure to cigarette may affect human health and increase risk of a wide range of diseases including pulmonary diseases, such as chronic obstructive pulmonary disease (COPD), asthma, lung fibrosis and lung cancer. However, the molecular mechanisms of pathogenesis induced by cigarettes still remain obscure even with extensive studies. With systemic view, we attempted to identify the specific gene modules that might relate to injury caused by cigarette smoke and identify hub genes for potential therapeutic targets or biomarkers from specific gene modules. Materials and Methods: The dataset GSE18344 was downloaded from the Gene Expression Omnibus (GEO) and divided into mouse cigarette smoke exposure and control groups. Subsequently, weighted gene co-expression network analysis (WGCNA) was used to construct a gene co-expression network for each group and detected specific gene modules of cigarette smoke exposure by comparison. Results: A total of ten specific gene modules were identified only in the cigarette smoke exposure group but not in the control group. Seven hub genes were identified as well, including Fip1l1, Anp32a, Acsl4, Evl, Sdc1, Arap3 and Cd52. Conclusions: Specific gene modules may provide better understanding of molecular mechanisms, and hub genes are potential candidates of therapeutic targets that may possible improve development of novel treatment approaches.
Introduction
Cigarette smoke has multiple, highly diverse effects on human health, and leads more than 5 million deaths each year (Pirini et al., 2015) . Exposure to cigarette smoke affects almost every organ and increases the risk of a wide range of diseases including cancers of esophagus, larynx, oral cavity, bladder, leukemia and pancreas in male and female smokers, and is also a major contributing cause to coronary heart disease, stroke and atherosclerosis (Alsanosy, 2014) .
Particularly, cigarette smoke specifically causes respiratory tract remodeling, dysfunction and a range of respiratory diseases. Cigarette smoke is a complex mixture of over 4000 chemicals including carcinogens and toxin agents that first connect the bronchus and alveolus and cause several fatal pulmonary diseases. Polyaromatic hydrocarbons (PAHs), tobacco-specific nitrosamines (TSNAs), catechol, phenols, benzene and formaldehyde are well acknowledged as the carcinogens that are able to induce lung cancers (de Groot and Munden, 2012) . Cigarette smoking is also the main cause of chronic obstructive pulmonary disease (COPD) of which injuries include airway thickening and narrowing, irreversible airflow obstruction during expiration, mucus hypersecretion and emphysema (Moretto et al., 2012) . Acrolein, one of chemical components of cigarette smoking acts as a trigger of Nucleotide Oligomerization Domain (NOD)-Like Receptors (NLRs) which can improve the allergic airway disease asthma via upregulating the pro-inflammatory IL-1 family of cytokines, IL-18 or IL-1β (Kang et al., 2007) . Cigarette smoking induces the serve progressive noncancerous lung disease, such as pulmonary fibrosis and emphysema by elevating ROS levels and impairing the DNA stability (Morse and Rosas, 2014) . Most of these studies rely on the epidemical studies and animal models or individual cell types in vitro that based on reductionist approach that resort to one pathogenic factor for one disease. It is acknowledged that reductionist study approach is over simple to clarify the complex problem of cigarette smoke exposure on respiratory tract. Therefore, a network approach for research is necessarily required to elucidate the origin of lung disease induced by cigarette smoke. The genome-wide expression profiling is a useful technique to clarify the systemic influence of cigarette smoke on lung tissues. Sekine T and coworkers utilized the microarray approach to simultaneously demonstrate that total particulate matter (TPM) strongly activated Nrf2 pathway-mediated anti-oxidative stress reaction, whereas gas/vapor phase (GVP) caused notable DNA damage response. And they also identified that charcoal could not modify the effects of TPM but reduce the GVP biological effects (Sekine et al., 2015) . In a prospective case-control study of gene expression in the oropharynx of children exposed to secondhand smoke, researchers found 65 genes were associated with lung cancers. Therein, 24 genes were involved in cell cycle and 18 genes were related to cell growth and proliferation (Ostrower et al., 2010) . Meanwhile, microarray approach may provide sufficient information about gene expression pattern changes when exposure to cigarette. The gene ontology (GO) analysis and pathway enrichment analysis are meaningful methods that highlight the molecular mechanism of lung disease induced by cigarette smoke. Aside, it is well acknowledged that biological functions arise from complex interactions network of macromolecules, and diseases are the result of dysfunction of biological macromolecules network accordingly. Based on gene expression profiling of microarray, the gene co-expression network may be established to reflect the interaction patterns of genes and put insight into molecular mechanism of pulmonary diseases caused by the cigarette smoke exposure.
This study, based on the gene expression profiling, the weighted gene co-expression network analysis (WGCNA) was utilized to construct the gene co-expression network and detect gene modules of lung tissues that were exposed to cigarette. Comparison of networks between cigarette smoke exposure mice group and control group, allow investigation of individual gene level and determine the alteration of networks attributable to cigarette smoke exposure. We hypothesized that gene modules alterations in response to cigarette smoke exposure might provide insight into the pathogenesis of adverse effects of pulmonary caused by cigarette smoke. Furthermore, identification of hub genes may provide the biomarkers for evaluation of severity of pulmonary diseases and potential therapeutic targets for driving novel treatment in lung disease induced by cigarette smoke.
Materials and Methods

Microarray datasets and data processing
The transcription profiles of GSE18344 (Affymetrix Mouse Genome 430 2.0 Array) were downloaded from Gene Expression Omnibus (GEO). The RNA was isolated from left lobes of mice (n=20) exposed to cigarette for 5 months and sham-exposed mice (n=20), and were divided into cigarette smoke exposure group and control group accordingly. The raw data were preprocessed (correction, normalization) by rma function of affy package of R 3.03 software in Bioconductor (http://www.bioconductor.org/) (Gentleman et al., 2004) . Based on p≤0.05 t-test statistics standard, total 8146 genes were identified as differentially expressed genes (DEs) between cigarette smoke exposure and control group. Since the network construction is a high computationally cost, only 4000 most connected genes were considered for weighted gene co-expression network construction using WGCNA package of R software for each group in this study (Zhou et al., 2014) .
Weighted co-expression network construction for cigarette smoke exposure and control group
The weighted adjacency matrix assesses continuous connection strength ([0, 1]) according to β parameter for each group. Adhering to the scale-free topology criterion, β=12 was considered. The co-expression matrix and the topological overlap matrix (TOM) were constructed subsequently (Zhao et al., 2014) . With average linkage hierarchical clustering, gene modules were identified for each group. The intramodular connectivity of each gene was also assessed via intramodular connectivity function (Langfelder et al., 2008) . The module eigengene (ME) is the first principal component of a given module, and it is used to compute module membership (MM), which evaluate the importance of genes in the network (Langfelder and Horvath, 2007) .
Identification of hub genes
Identification of hub genes were mainly based on the gene significance (GS), intramodular connectivity and MM. The GS value can be obtained via formula GSi=-log (p i ). Where p i value was the value of t-test. GS refers differential expression of a gene between the exposure group and control group, and reflects the correlation between a gene expression and cigarette smoke exposure. The MM can be computed by the formula MM i =|cor (x ( i ), ME)|. If MM i closer to 1, the i-th gene is more important in a given gene module. The higher intramodular connectivity suggests that a gene is more connected with other genes in gene co-expression network. A gene with high GS, MM and high intramodular connectivity is an idea hub gene in a network (Zhang and Horvath, 2005) .
Results
Weighted gene co-expression network construction and identification of specific cigarette related gene modules
Total 8146 genes were identified as DEs by comparing the cigarette smoke exposure group with control group. Therein, 4000 DEs were considered for weighted gene coexpression network (WGCN) construction because of their highest connectivity. Finally, total 28 gene modules were identified in the control network and 38 gene modules were detected in cigarette smoke exposure network ( Figure 1) . Therein, the gene modules of darkmagenta, darkolivegreen, paleturquoise, plum1, saddlebrown, sienna3, skyblue3, steelblue, violet and yellowgreen were only detected in the exposure group. The ten gene modules of lung tissues were specific to cigarette stimuli. Those genes were not clustered into any modules were kept in the grey or gold modules in WGCNA package of R software, Identification of Specific Gene Modules of Mouse Lung Tissue Exposed to Cigarette Smoke and grey or gold module was discarded in present study.
Identification of hub genes
These hub genes ought to be associated with the cigarette smoke exposure. Therefore, the hub genes were identified from the ten specific gene modules for cigarette smoke, and total ten hub genes were confirmed accordingly. Notably, the positive correlation between MM and GS were not observed in present study. Thus the hub genes were screened out mainly based on values of MM and intramodule connectivity (Table 1) (Figure 2 ).
GO and KEGG pathway enrichment analysis of cigaretterelated gene modules
To analyze the relevance of module genes with their biological roles in cigarette smoke exposure, functional annotations of the gene modules were performed by using DAVID software. Total 10 specific cigarette-related modules were enriched in total 60 GO terms. Paleturquoise gene modules were involved in regulation of keratinocyte proliferation, such as negative regulation of keratinocyte proliferation, regulation of keratinocyte proliferation and keratinocyte proliferation. These biological activities were strong related to lung fibrosis (Aguilar et al., 2009) . Therefore, paleturquoise module was called as keratinocyte proliferation module. The sienna3 gene module was associated with inflammation and immune response, such as alpha-beta T cell activation, homeostasis of number of cells within a tissue, cell activation, positive T cell selection, actin nucleation, myeloid dendritic cell activation, interleukin-4 production, anatomical structure development and T cell selection. The sienna3 module was regarded as inflammation module in present study. The top functional enrichment of GO annotations of these 10 gene modules were shown in the Table 2 . Kyoto Encyclopaedia of Genes and Genomes (KEGG) (http://www.genome.jp/kegg/) pathway enrichment analysis were performed by using the DAVID software. Total 37 biological pathways were successfully enriched in 10 specific cigarette-related modules. For example, darkmagenta module participated in the protein processing, leucine and isoleucine biosynthesis and glycolysis / gluconeogenesis. Therefore, darkmagenta module might be involved in protein metabolism in response to cigarette stimuli. Yellowgreen module was another important because it participated in the multiple biological pathways including cell cycle, drug metabolism-cytochrome P450, phenylalanine metabolism and mismatch repair. The topranked pathways enriched in cigarette-related modules were shown in Table 3 .
Discussion
With systemic view, present study was designed to construct mouse lung tissues gene co-expression network and identify gene modules by transcriptome data of lung tissue under cigarette smoke exposure. Many efforts have been made to study cigarette smoke exposure of lung tissue transcriptome by using differential expression analysis which prefers to isolate a list of DEs. However this study approach ignores the facts of correlation patterns between genes. In addition, the DEs are less reliable than the hub genes of a co-expression gene network. WGCNA analysis assesses the correlation between genes and considers degree of gene shared neighbors across the whole network. Moreover, WGCNA can provide connection strength between the genes, unlike general co-expression network. In this study, total 10 gene modules were specific related to cigarette smoke exposure. Consequently, total 10 hub genes were identified due to their importance and high connectivity in network.
The ten gene modules of darkmagenta, darkolivegreen, paleturquoise, plum1, saddlebrown, sienna3, skyblue3, steelblue, violet and yellowgreen were only identified in the cigarette smoke exposure network but not in control network. Based on KEGG enrichment analysis, total 37 pathways were observed in ten gene modules that appeared only in the cigarette smoke exposure network. Protein processing in endoplasmic reticulum (ER) pathway was top enriched in the darkmagenta module. When protein misfolding in the ER may cause ER stress and activate the unfolded protein response (UPR) to ER. And both of them are documented in development of many cancers including lung cancers. UPR was demonstrated that was involved in oncogenic transformation and interaction of oncogene and tumor suppressor gene networks to modulate the lung cancer development (Yadav et al., 2014) . Glycolysis pathway has been known for providing the energy for cancer cell growth and as biomarker for pneumonocyte malignant transformation (Sasaki et al., 2012) . Non-homologous end-joining (NHEJ) pathway was top enriched in the paleturquoise module. NHEJ is a prominent DNA double strand break (DSB) repair pathway in mammalian cells. And NHEJ is also an errorprone pathway that occurs throughout the cell cycle, which leads pneumonocyte genomic instability and lung cancer. Moreover, the research about anti-cancer therapy using the DSB repair inhibitor was reported already (Srivastava and Raghavan, 2015) . Primary bile acid biosynthesis pathway was top enriched in saddlebrown module (Baptissart et al., 2013) . Cells isolated from gastro-oesophageal reflux disease (GERD) that were exposed to bile acids over long time would induce interleukin-8 (IL-8), cyclooxygenase (COX-2), oxidative stress and DNA damage. Ultimately, esophagus adenocarcinoma would be developed (McQuaid et al., 2011) . In addition, relative reports showed that bile acid biosynthesis pathway was implicated in hepato-carcinogenesis by affecting ROS levels (Yang et al., 2007) . However, the relationship between primary bile acid biosynthesis pathway and lung cancer still was not reported yet. Arachidonic acid metabolism pathway was top enriched in sienna3 module. Arachidonic acid can be oxygenated by a variety of different enzymes and be converted to 5-oxoeicosatetraenoic acid (5-oxo-ETE) mediated by dehydrogenases during several steps. 5-oxo-ETE is involved in the asthma mediated by its selective OXE receptor. Moreover, 5-oxo-ETE also stimulates tumor cell proliferation and may be involved in lung cancer (Powell and Rokach, 2015) . mTOR signaling pathway is significantly enriched in skyblue3 module. mTOR signaling pathway has been acknowledged that implicate in various human cancers. It can integrate the nutrient and growth factor to modulate the pneumonocyte proliferation in lung cancer (Han et al., 2013) . Ribosome biogenesis in eukaryotes pathway was top enriched in violet module. Amount of ribosome affects the G1-S phase transition to regulate the cell cycle progression (Volarevic et al., 2000) . Another report showed that stimulation or inhibition of rRNA synthesis led an acceleration or delay G1/S-phase progression. Therefore, ribosome biogenesis pathway can regulate pneumonocyte proliferation exposure to cigarette. Cell cycle pathway was top enriched in the yellowgreen module. Cell cycle is a tightly integrated process and is frequently aberrant in lung cancer. In brief, protein biosynthesis and processing, energy metabolism, inflammation, mTOR signaling regulation and cell cycle alteration simultaneously contribute to pulmonary diseases induced by cigarette, such as lung cancer, asthma and COPD.
There were total 10 hub genes were identified in the cigarette smoke exposure network based on their highest MM value and maximum intramodular connectivity. Based on GO analysis, paleturquoise module was top enriched in the negative regulation of keratinocyte proliferation. Fip1l1 were chosen as hub gene which was down regulated (p-value= 1.27E-05) in paleturquoise gene module. Tyrosine kinase -FIP1L1-PDGFRalpha is a known fusion gene that play role in chronic eosinophilic leukemia pathogenesis (Giacomini et al., 2013) . A similarly study uncovered that FIP1L1/PDGFRA gene fusion caused hypereosinophilic syndrome (Cools et al., 2003) . In common, gene fusions are ideal diagnostic markers and therapeutic targets. We hypothesized that FIP1L1/PDGFRA might have distinct potential in lung cancer because of its down regulation. According to GO analysis, plum1 gene module was top enriched in cellular protein metabolic process. Anp32a was chosen as hub gene which was down regulated (p-value= 2.29E-06) in the plum1 module by comparing control group. ANP32 proteins are implicated in cell differentiation, apoptotic cell death and cell proliferation (Reilly et al., 2014) . ANP32A were recognized as tumor suppressor by inhibiting cell transformation (Reilly et al., 2014) . Its expression level was deregulated in the breast, prostate cancer but up regulated in colorectal and liver cancer. Aside, ANP32A was a positive prognostic marker in nonsmall-cell lung cancer because it promote the cancer cells apoptosis (Hoffarth et al., 2008) . Therefore, Anp32a may be a potential drug target and predictor of patient survival. As for saddlebrown module, necrotic cell death was top enriched according to GO analysis. Acsl4 was considered as hub gene which was up regulated (p-value= 0.001) in saddlebrown module. The highly expressed ACSL4 tend to evaluate the cancer cell invasiveness by its ability of increasing the steroid and eicosanoid amount (Watkins and Ellis, 2012) . ACSL4 also promote the breast cancer cell proliferation and reduce the cell apoptosis. And ACSL4 was regarded as biomarker and mediator of aggressive breast cancer (Wu et al., 2013) . The role of ACSL4 in lung cancer development was not identified yet. However, it is deserved to explore performance of ACSL4 in lung cancer for possible candidate of drug target. In skyblue3 module, peptidyl-lysine modification was top enriched based on GO analysis. Sdc1 was determined as hub gene which up regulated (p-value= 0.04) in the skyblue3 module of cigarette exposure group. In an independent study, SDC1 highly expressed in well differentiated in squamous cell lung carcinoma. It suggested that level of SDC1 was predictor of outcome of lung cancer (Anttonen et al., 2001) . Highly elevation of SDC1 was also considered as biomarker for identifying patients with early stage lung tumors (Linnerth et al., 2005) . In sienna3 module, alpha-beta T cell activation was top enriched based on GO analysis. Evl was supposed to be hub gene which up regulated (p-value= 0.03) in the sienna3 module. A study showed that the EVL expression was higher in advanced stages of breast tumor tissues (Hu et al., 2008) . Another report indicated that over expression of EVL might induce actin polymerization, promote actin bundling and suppress breast cancer cell invasion (Mouneimne et al., 2012) . The roles of EVL in pulmonary cancer were not reported yet unfortunately, and it also provides us a new research area of cancer metastasis in our coming study. As for violet module, cilium morphogenesis was top enriched based on GO analysis. Arap3 was deemed to be hub gene which down regulated (p-value=5.70E-05) in violet module. In breast cancer, ARAP3 is a known regulator which participate in rearrangements to the cytoskeleton and cell shape, which is related to cell adhesion, cell invasion, tumor proliferation and metastasis (Blighe et al., 2014) . In hypotrichosis-lymphedema-telangiectasia (HLT) demonstrated that ARAP3 was a key regulator which response to Vegfc signalling in lymphatic endothelial cells, and modylated the lymphatic vascular development and pathogenesis (Kartopawiro et al., 2014) . In addition, ARAP3 guards neutrophils in their quiescent state, and participates neutrophils extravasate and chemotax to sites of damage and/or infection by effecting the PI3K-integrindependent processes. ARAP3-deficient neutrophils are hyper responsive in adhesion, spreading and granule release in inflammation conditions (Gambardella et al., 2011) . Therefore, Arap3 may contribute to the origin of COPD and pulmonary tumor proliferation and metastasis. Yellowgreen module was top enriched in positive regulation of axonogenesis based on GO analysis. Cd52 was identified as hub gene which up regulated (p-value=2.66E-09) in yellowgreen module. Cd52 is one of innate immunity related genes that expressed on the surface of microglia specific cell, and is significantly up regulated in infection conditions (Chatterjee et al., 2014) . In addition, CD52 is also expressed on the surface of malignant leukaemia cells, and it becomes the target for acute lymphoblastic leukaemia and lymphocytic leukemia therapy (Pevna et al., 2014; Ai and Advani, 2015) . Therefore, it suggested that Cd52 might be involved in the inflammation or tumor development. It is deserved to identify the mechanism of Cd52 in pulmonary diseases induced by cigarette exposure.
The roles in of rest hub genes Ythdc1, Sbf2 and Lsm3 from darkmagenta, steelblue and darkolivegreen module respectively, were not documented well in the literatures currently.
In summary, pulmonary pathogenesis caused by cigarette exposure is chronic complex pathologic process that cytokines, biomolecules, toxicants and particles are simultaneously involved in. It is necessary to put insight into the mechanism of pathogenesis by using gene co-expression network analysis for identifying the biomarker of risk exposure or therapeutic targets of these diseases. Identification of specific gene modules will be valuable for elucidating the mechanism and facilitating the treatment development of pulmonary diseases induced by cigarette. There were 10 gene modules were specific in the cigarette smoke exposure group, and they were involved in multiple biological behaviors including protein process, macromolecules metabolism, DNA repair, immune regulatory, inflammation response, cell proliferation and epigenetics alterations. It suggested that alterations of roles of 10 gene modules might be helpful to reverse above pathogenesis, as well as providing candidate targets of therapy. Accordingly, seven hub genes were identified from 10 specific gene modules, including Fip1l1, Anp32a, Acsl4, Evl, Sdc1, Arap3 and Cd52. These seven hub genes can supply valuable information about both new research direction in our future study and potential therapeutic targets for pulmonary disease induced by cigarette smoke. 
